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Possible Transfer of Resistance to Heterodera glycines
from Glycine tomentelia to Glycine max'
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Abstract: Eight wild perennial Glycine species (G. argyrea, G. canescens, G. curvata, G. cyrioloba, G. latifolia,
G. microphylla, G. tabacina, and G. tomentella) were evaluated for resistance to isolates of races 1, 3, and
14 of Heterodera glycines. In a second experiment, reproduction of isolates of races 3, 5, and 14 of H.
glycines on five of the wild perennial species was determined. Seventy-one derived fertile lines (27 = 40)
that were hybrids between G. max cv Clark 63 and G. tomentella also were evaluated for resistance to
isolates of races 3, 5, and 14. All of the wild perennial Glycine species were resistant (Female Indices [FI]
less than 10) to all of the isolates that were tested on them. In most cases no females matured. The
soybean cvs. Clark 63 and Altona, which were tested at the same time as the hybrids, were susceptible to
all isolates of H. glycines tested. When the tests were combined and a single FI calculated with the average
number of females on Lee 74, one derived fertile line was resistant to race 3, three derived fertile lines
were resistant to race 5, and five derived fertile lines were resistant to race 14. Thus, transfer of resistance
to H. glycines from G. tomentella to G. max apparently occurred.
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soybean cyst nematode.

The soybean cyst nematode, Heterodera gly-
cines Ichinohe, is a serious pest on soybean,
Glycine max (1.) Merr., in most countries
where the crop is grown (Noel, 1992).
Nematicides have been used to reduce dam-
age by H. glycines (Schmitt et al., 1983), but
some have been eliminated because of a
danger to users (Johnson and Feldmesser,
1987) whereas others provide inconsistent
control or do not provide an economic re-
turn. Crop/cultivar rotations are recom-
mended for the management of H. glycines
population levels but are not always used
by the growers (Wrather et al., 1992). Soy-
bean cultivars with resistance to H. glycines
should be an integral part of manage-
ment programs. However, in many in-
stances, resistant cultivars have been grown
continuously, which has resulted in the se-
lection of H. glycines populations that repro-
duce on the resistant cultivars (Young et al.,
1986). To date, new sources of resistance
have been found each time the resistance
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from an old source has been broken (Cavi-
ness, 1992).

The soybean cultivar Peking was the
source of resistance for the first yellow-
seeded H. glycinesresistant cultivar (Pickett)
released for grower use (Caldwell et al.,
1960). Cultivars derived from Peking gener-
ally were resistant to races 1 and 3 but sus-
ceptible to race 14. Later, PI88788 was used
as a source of resistance to race 14, and,
finally, PI437654 was used as the source of
resistance to all known races of H. glycines.

Glycine (subgenus Glycine) contains 16
wild perennial species (Kollipara et al.,
1997), all indigenous to Australia and grown
in diverse geographical areas under a wide
range of climatic conditions. These Glycine
spp. had not been screened for resistance to
H. glycines. The objectives of these experi-
ments were to determine the susceptibility
of the wild Glycine species to H. glycines and
whether resistance to H. glycines was trans-
ferred to hybrids of G. tomentella and G. max.

MATERIALS AND METHODS

Plant material: Seeds of Glycine arenaria
Tind., G. argyrea Tind., G. canescens F ].
Herm., G. curvataTind., G. ¢yrtoloba Tind., G.
Jfalcata Benth., G. latifolia (Benth.) Newell &
Hymowitz, G. microphylla (Benth.) Tind., G.
tabacina (Labill.) Benth., and G. tomentella
were provided by T. Hymowitz from Univer-
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sity of Illinois, Urbana, Illinois. Seeds of de-
rived fertile lines from crosses between G.
max cv. Altona (2n = 40) and G. tomentella P1
483,218 (2n = 78), which had been back-
crossed to cv. Clark 63 (27 = 40) four times,
were provided by R. J. Singh and T. Hymo-
witz.

Seeds were germinated in vermiculite and
transplanted as seedlings in the cotyledon
stage into fine sandy soil in 7.5-cm-diam.
(for the first Glycinespp. test) or 10-crm-diam.
(for the tests of the interspecific crosses)
clay pots before nematodes were added.

Nematode populations: Greenhouse stock
culture isolates of H. glycines were produced
as follows: race 1 was cultured on soybean cv.
Lee 74 and PI 88,788 growing in the same
pots; race 3 on cv. Lee 74; race 5 on cv.
Bedford; and race 14 on cv. Pickett. Females
and (or) cysts (hereafter called cysts) were
rubbed from the roots into water, stirred,
and poured through nested 850-pm-pore
(20-mesh) and 250-pm-pore (60-mesh)
sieves. The cysts caught on the 250-pm-pore
sieve were washed into a ground glass ho-
mogenizer and broken to release the eggs.
The resulting suspension was poured
through nested 75-pm-pore and 25-pm-pore
(500-mesh) sieves, and eggs were collected

on the 25-pm-pore sieve for tests. Approxi-
mately 4,000 eggs and second-stage juveniles
of H. glycines were added to the fine sandy
soil in which each test plant was growing.
Lee 74 and the H. glycines race determina-
tion soybean lines (Golden et al., 1970;
Riggs and Schmitt, 1988) were included in
the tests to verify the races of the isolates of
H. glycines used. Three to five replications of
each plant were used depending on the
number of seeds that germinated.

Plant susceptibility determination: Five weeks
after nematode eggs were added to the soil,
newly produced cysts were extracted by the
same procedure used to obtain test nema-
todes. The females extracted from each
plant were counted at x10 magnification
with a stereoscopic microscope. The tests
were repeated once.

The numbers of cysts on each H. glycines
race differential and on each test plant were
converted to a Female Index (FI), a percent-
age of the number of cysts on the soybean
cv. Lee 74. Plants with a mean FI less than 10
were considered to be resistant to a particu-
lar race, those with a mean FI of 10 to 30
were considered moderately resistant, those
with a mean FI of 31 to 60 were considered
moderately susceptible, and those with a

Tasie 1. Numbers of females of Heterodera glycines per pot of Glycine spp. inoculated with race 1, 3, or 14 of

H. glycines.
Females per pot and FI?
Race 1 Race 2 Race 14
Cultivar or

Glycine sp. PI number Mean FI (%) Mean FI (%) Mean FI (%)
G. max Lee 74 250 100.0 166 100.0 783 100.0
G. max Pickett 2 0.6 0 0.1 929 118.6
G. max Peking 0 0.0 0 0.1 354 45.3
G. max PI 88,788 42 16.7 1 0.7 19 2.4
G. max PI1 90,763 1 0.2 0 0.0 290 37.1
G. max Hartwig 0 0.0 0 0.0 0 0.2
G. argyrea PI 505,151 0 0.0 1 0.4 2 0.3
C. canescens PI 440,928 11 4.3 7 4.2 1 0.1
G. curvata PI 505,166 0 0.0 0 0.0 1 0.1
G. cyrtoloba PI 440,963 0 0.0 0 0.0 0 0.0
G latifolia P1 378,709 — — 0 0.0 2 0.3
G. microphylla PI 440,956 1 0.3 4 2.6 0 0.0
G. tabacina® P1 440,956 30 12.1 0 0.2 1 0.1
G. tabacina® P1 483,204 0 0.0 0 0.2 0 0.0
G. tomentella® PI 441,005 0 0.1 0 0.0 0 0.0

*FI = Female Index, the nurmber of cysts on line per number of cysts on Lee x 100.

P 2n = 80, other accessions 27 = 40.
¢ Dash indicates no test.



TABLE 2.
race 3 of H. glycines.
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Numbers of females of Heterodera glycines per pot of Glycine spp. and their hybrids inoculated with

Females per pot and FI*

Test 1 Test 2 Test mean

Glycine sp. Cultivar or

or hybrid PI number Mean FI (%) Mean F1 (%) Cysts FI (%)
G. max Lee 74 246 100.0 779 100.0 513 100.0
G. max Pickett 2 0.8 4 0.5 3 0.6
G. max Peking 0 0.0 0 0.0 0 0.0
G. max P1 88,788 3 1.4 0 0.04 1 0.2
G. max P1 90,763 4 1.6 1 0.2 3 0.5
G. arenaria PI 505,204 0 0.0 — — 0 0.0
G. argyrea PI 505,151 — e 0 0.0 0 0.0
G. cyrtoloba PI 440,963 — — 0 0.0 0 0.0
G. microphylla PI 440,956 0 .0 — — 0 0.0
G. tabacind® PI 440,996 — 0 0.0 0 0.0
G. tabacina® PI 483,202 — — 0 0.0 0 0.0
G. tomentella’ PI 483,218 0 0.0 0 0.0 0 0.0
G. max Altona 138 56.1 580 74.4 460 89.8
G. max Clark 63 198 80.5 468 59.6 388 75.7
H 706-1 72 29.3 393 50.4 308 60.1
H 719-1 — — 192 24.6 192 24.6
H 720-1 — —_ 108 13.9 108 13.9
H 7224 72 29.3 472 60.6 372 72.6
H 722-5 66 26.8 576 73.9 465 90.7
H 722-6 0 0.0 344 44.2 258 50.3
H 722-7 — — 450 57.8 450 57.8
H 7229 36 14.6 — — 36 14.6
H 724-1 4 1.4 531 68.2 320 62.4
H 725-1 72 29.3 358 46.0 254 49.6
H 725-3 57 23.2 126 16.2 98 19.2
H 729-1 66 26.8 174 223 120 23.4
H 733-1 1 0.4 210 27.0 158 30.8
H 7%6-1 21 8.5 — — 21 8.5
H 756-3 48 19.5 210 27.0 156 30.4
H 745-2 51 20.7 336 43.1 194 37.8
H 749-1 58 23.7 564 72.4 408 79.6
H 762-1 72 29.3 1892 114.5 678 134.0
H 765-1 51 20.7 438 56.2 341 66.5
H 765-3 62 25.2 1780 100.1 421 82.1
H 766-2 180 73.2 519 66.7 350 68.2
H 788-1 51 20.7 394 50.6 257 50.1
H 789-1 54 22.0 456 58.5 356 69.4
H 810-1 190 77.2 190 24 4 190 371
MT-02-06 116 47.2 194 24.9 155 30.2
MT-03-03 108 439 151 19.4 140 27.4
MT-05-08 48 19.5 414 53.1 231 45.1
MT-05-10 66 26.8 — — 66 26.8

2FI = Female Index, the number of cysts on line per number of cysts on Lee x 100.

b 9n = 80.
€ 2n = 78, other accessions 2n = 40.
4 Dash indicates no test.

mean FI greater than 60 were considered
susceptible (Schmitt and Shannon, 1992).

RESULTS

Screening of wild perennial species: Reproduc-
tion levels of races 1, 3, and 14 varied on the
eight Glycine spp. tested (Table 1). Race 1

did not mature on G. argyrea, G. curvata, G.
cyrtoloba, or G. tabacina; race 3 did not ma-
ture on G. curvata, G. cyrtoloba, G. latifolia, or
G. tomentella; and race 14 did not mature on
G. crytoloba, G. microphylla, or G. tomentella.
Although some females matured on all
other Glycine species, so few were found that
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all were considered to be resistant (FI < 10)
except that G. fabacina PI 440956 was only
moderately resistant to race 1 (Table 1).In a
second test of the resistance of G. argyrea, G.
cyrtoloba, G. tabacina, and G. tomentella to
races 3, 5, and 14 only a few cysts of race 14
developed and only on G. argyrea and G. to-
mentella (Tables 2—4).

Screening of derived fertile lines of soybean x G.
tomentella: Of the 70 lines tested for resis-
tance to race 3, three were moderately resis-
tant, and none was resistant in both tests;
four were moderately resistant, and one was
resistant in one test, but they were not used
in the other test (Table 2). In addition, 16
hybrids were moderately susceptible, and
four were susceptible in both tests with race
3 (data not shown). When the two tests were
averaged together, one hybrid was resistant,
nine were moderately resistant, 35 were
moderately susceptible, and 25 were suscep-
tible.

Of the 66 hybrid lines tested for resistance
to race 5, none were resistant or moderately
resistant in both tests (Table 3). No hybrids
were moderately susceptible in both tests; 36
were susceptible (data not shown). Two hy-
brids were resistant and one moderately re-
sistant in one test, but they were not tested
in the other. When the two tests were aver-
aged together, two hybrids were resistant,
four were moderately resistant, five were
moderately susceptible, and 55 were suscep-
tible.

Sixty-five hybrid lines were tested for re-
sistance to race 14, and none were resistant
or moderately resistant in both tests; four
that were resistant and five that were mod-
erately resistant in one test were not in-
cluded in the other test (Table 4). When the
results of the two tests were combined, 21
hybrids were moderately susceptible and 33
were susceptible (results not shown).

Of the 10 lines that were resistant to at

TABLE 3. Numbers of females of Heterodera glycines per pot of Glycine spp. and their hybrids inoculated with

race 5 of H. glycines.

Number of females of H. glycines per pot and FI*

Test 1 Test 2 Test mean

Glycine sp. Cultivar or

or hybrid PI number Mean FI (%) Mean FI (%) Cysts FI (%)
G. max Lee 74 252 100.0 318 100.0 285 100.0
G. max Pickett 8 3.0 152 47.8 80 28.0
G. max Peking 1 0.4 2 0.7 2 0.7
G. max PI 88,788 142 56.3 162 50.9 150 52.6
G. max PI1 90,763 —c — 0 0.0 0 0.0
G. arenaria PI 505,204 0 0.0 — — 0 0.0
G. argyrea PI 505,121 — — 0 0.0 0 0.0
G. microphylla PT 440,956 0 0.0 — — 0 0.0
G. tabacina® PI 483,202 — — 0 0.0 0 0.0
G. tomentella® PI 446,993 0 0.0 0 0.0 0 0.0
G. tomentella® PI 441,005 — — 0 0.0 0 0.0
G. max Altona 510 202.4 416 130.8 510 202.4
G. max Clark 63 318 126.2 322 101.3 296 103.9
H 706-1 36 14.3 — — 36 14.3
H 720-2 152 60.3 22 6.8 65 22.8
H 736-1 1 0.4 — — 1 0.4
H 7454 16 6.2 210 66.0 80 28.1
H 745-5 12 4.8 576 181.1 582 204.2
H 753-1 0 0.0 — —_ 0 0.0
H 763-1 42 16.7 468 147.2 326 114.4
H 7782 14 5.7 226 71.1 120 42,1
H 781-1 52 20.6 360 113.2 206 72.3
H 782-2 70 27.8 150 47.2 11 38.5
H 804-1 64 25.4 866 272.3 465 163.2
MT-05-18 72 28.6 4 1.3 27 9.5

#FI = Female Index, the number of cysts on line per number of cysts on Lee x 100.
® 27 = 80, other accessions 27 = 40.

4 Dash indicates no test.



TABLE 4.
race 14 of H. glycines.
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Numbers of females of Heterodera glycines per pot of Glycine spp. and their hybrids inoculated with

Number of females of H. glycines per pot and FI*

Test 1 Test 2 Test mean

Glycine sp. Cultivar or

or hybrid PI number Mean FI (%) Mean FI (%) Cysts FI (%)
G. max lee 74 305 99.9 490 100.0 397 100.0
G. max Pickett 188 61.6 332 67.8 260 65.5
G. max Peking 56 18.3 128 26.1 92 23.2
G. max PI 88,788 3 1.1 19 3.8 11 2.8
G. max PI 90,763 92 30.3 130 26.5 111 28.0
G. argyrea PI 505,121 — — 1 0.3 1 0.3
G. microphylla PI 440,956 0 0.0 — — 0 0.0
G. tabacina® PI 483,202 — — 0 0.0 0 0.0
G. tomentella® PI 446,993 1 0.2 — — 1 0.2
G. tomentella® PI 339,657 2 0.7 e e 2 0.7
G. tomentella® PI 441,005 — — 1 0.2 1 0.2
G. max Altona 189 62.0 618 126.1 444 111.8
G. max Clark 63 282 92.6 153 31.2 271 68.3
H 722-5 0 0.0 — —_— 0 0.0
H 725-1 40 13.0 —_ — 40 10.1
H 733-1 81 26.6 e —_— 80 20.2
H 745-5 3 1.0 — — 3 0.8
H 755 6 2.0 318 64.9 162 40.8
H 763-1 2 0.7 o e 2 0.5
H 765-1 30 9.7 — —_ 30 7.6
H 782-2 60 19.8 824 168.2 442 111.3
H 784-1 318 104.3 128 26.1 223 56.2
H 7881 52 17.0 168 34.3 110 27.7
H 804-1 142 46.6 128 26.1 135 34.0
H 805-2 30 9.8 340 69.4 222 55.9
H 814-1 436 143.0 86 17.6 261 65.7
MT-05-0 54 17.7 —_ o 54 17.7
MT-05-1 48 15.7 — —_ 48 15.7
MT-05-2 18 5.9 — — 18 5.9

2 FI = Female Index, the number of cysts on line per number of cysts on Lee x 100.

b 2n = 80, other accessions 2% = 40.
©2n=78.
4 Dash indicates not tested.

least one race, only one (H736-1) was resis-
tant to two races, and it was moderately sus-
ceptible to race 14. One line (MT-05-18) was
resistant to race 5 and moderately resistant
to race 14 but susceptible to race 3. The
other eight lines were either susceptible or
moderately susceptible to the other two
races.

DiscussioNn

Although all of the wild perennial Glycine
species tested were resistant or moderately
resistant to H. glycines, that does not mean
they are automatically sources of resistance
that are usable. Those that have 2n = 40
chromosomes would appear to be good can-
didates for hybridization with G. max, which
has the same number. However, they may be

completely incompatible with G. max. Even
if they will hybridize, the progeny may not
be very similar to G. max. G. tomentella (2n =
78, 80) and G. tabacina (2n = 80) would ap-
pear to be less likely candidates for hybrid-
ization because of the differences in chro-
mosome numbers. In spite of the differ-
ences, fertile hybrids have been obtained
between G. max and G. tomentella (Singh et
al., 1993).

When hybridization occurs between spe-
cies with different chromosome comple-
ments, inheritance patterns may not be
normal. Pairings will not be between ho-
mologous chromosomes, and some chromo-
somes may not pair at all. A single recessive
gene may be expressed because there is no
dominant gene at the same locus to prevent
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its expression. In the backcrossing process,
conducted two to four times with the hy-
brids tested, chromosomes may be lost, or
changes in chromosome pairings may result
in changes in the expression of various
traits. Therefore, plants that should be very
similar may be quite different. Because we
know nothing of the inheritance of resis-
tance to H. glycinesin G. tomeniella, we do not
know what to expect in the transfer of this
resistance.

The variation in responses of the derived
fertile lines from the G. max x G. tomeniella
cross to H. glycines may be because of several
factors. Resistance to H. glycines appears to
be multigenic (Caviness, 1992). During the
backcrossing process, one or more major or
minor genes for resistance may have been
lost. In addition, one or more resistance
genes from the wild perennial Glycine spp.
may not function properly when transferred
to the G. max genome.

The availability of soybean plants resistant
to three races of H. glycines derived from an
interspecific cross between G. max and G.
fomentella suggests that genetic material has
been transferred across species delimita-
tions. The resistance in the hybrids had to
result from the transfer of genetic material
from G. tomeniella to G. max; this would be
the first report of genetic transfer via the
sexual process of a trait from a wild peren-
nial Glycine sp. to the cultivated soybean.
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